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Purpose: We aimed to construct universally applicable nomograms incorporating prognostic

factors to predict the prognosis of patients with triple-negative breast cancer (TNBC).

Patients and methods: Clinicopathological data of 379 patients with TNBC from

March 2008 to June 2014 were retrospectively collected and analyzed. The endpoints were

disease-free survival (DFS) and overall survival (OS). Patients were randomly divided into

a training group and an independent validation group. In the training group, the prognostic

factors were screened to develop nomograms. C-index and calibration curves were used to

evaluate the predictive accuracy and discriminative ability of nomograms in both groups.

The accuracy of the nomograms was also compared with the traditional American Joint

Committee on Cancer Tumor-Node-Metastasis anatomical stage (8th edition).

Results: Four prognostic factors (albumin-to-globulin ratio, neutrophil-to-lymphocyte ratio,

positive lymph nodes, and tumor size) were used to construct the nomogram of DFS. In

addition to the aforementioned factors, age was taken into account in the construction of the

OS nomogram. The C-index of the DFS nomogram in the training and validation groups was

0.71 (95% confidence interval [CI]: 0.64–0.77) and 0.69 (95% CI: 0.58–0.79), respectively;

the C-index of the OS nomogram was 0.77 (95% CI: 0.70–0.84) and 0.74 (95% CI: 0.62–

0.86), respectively. This suggests that the nomograms had high accuracy. Moreover, calibra-

tion curves showed good consistencies in both groups. Our models showed superiority in

predicting accuracy compared with the AJCC TNM staging system. Furthermore, two web

pages of the nomograms were produced: DFS: https://sh-skipper.shinyapps.io/TNBC1/; OS:

https://sh-skipper.shinyapps.io/TNBC2/.

Conclusion: These predictive models are simple and easy to use, particularly the web

versions. They have certain clinical value in predicting the prognosis of patients with TNBC.

They can assist doctors in identifying patients at different prognostic risks and strengthen the

treatment or follow-up accordingly.
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Introduction
Breast cancer has become the most common malignant tumor in females world-

wide, and the incidence of breast cancer in China is increasing annually. Although

the mortality rate of breast cancer has declined in recent years owing to advance-

ments in cancer treatment, the disease remains the main cause of cancer-related

death in females.1,2 Triple-negative breast cancer (TNBC) refers to breast cancer

with negative estrogen receptor, negative progesterone receptor, and negative

human epidermal growth factor receptor-2 (HER2) status. It is a special subtype
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of breast cancer, prone to local recurrence and distant

metastasis, accounting for approximately 15–20% of all

invasive breast cancer cases.3–6 Owing to its particular

malignant behavior, it is meaningful to stratify patients

with TNBC based on their individual characteristics to

better assess prognosis.

The nomogram can integrate several important factors

to predict a specific endpoint in a graphical representation,

indicating that this approach can predict the prognosis of

patients according to their individual data. This is of

profound significance in clinical practice, especially for

the prognosis of patients with cancer.7 At present, there

are few nomograms for TNBC.

Therefore, we retrospectively analyzed the clinical

and pathological data of 379 patients with TNBC to

construct widely applicable prognostic nomograms in

this setting.

Patients and Methods
Patient Selection and General Information
The clinicopathological data of patients who were diag-

nosed with TNBC and underwent surgery at the First

Affiliated Hospital of Wenzhou Medical University from

March 2008 to June 2014 were collected. Inclusion criteria

were: (1) female patients; (2) patients with primary TNBC;

(3) unilateral breast cancer; (4) no other diagnosis of cancer;

and (5) no recent inflammatory disease. Exclusion criteria

were: (1) carcinoma in situ; (2) inflammatory breast cancer

or distant metastasis; (3) history of acute or chronic liver

disease or kidney disease; and (4) combination with serious

heart and lung diseases. The criteria for determining TNBC

were: estrogen receptor and progesterone receptor negative

status, with reference to immunohistochemical staining

positive cells <1%. HER2 (+++) denoted overexpression

of HER2. HER2 (−) and (+) were considered HER2 nega-

tive, and HER2 (++) required further evaluation through

fluorescence in situ hybridization to determine the presence

of overexpression. The positive result of fluorescence in situ

hybridization was judged to be HER2 positive, whereas the

opposite was judged to be negative. Finally, a total of 379

patients were enrolled, and all patients underwent a well-

established preoperative assessment, such as blood

biochemical examination, electrocardiography, breast ultra-

sound, etc. Postoperative adjuvant therapy was performed

routinely according to the Chinese treatment guidelines at

that time. Relevant clinical data were collected as shown in

Table 1 Clinicopathological Characteristics of the Training and

Validation Groups

Characteristic Training Group

(N=255) No. (%)

Validation

Group

(N=124) No. (%)

p-value

Age (years) 0.986

≤60 212 (83.1) 103 (83.1)

>60 43 (16.9) 21 (16.9)

BMI (kg/m2) 0.641

<18.5 11 (4.3) 7 (5.7)

18.5–24 179 (70.2) 81 (65.3)

>24 65 (25.5) 36 (29.0)

Menstrual status 0.291

Premenopausal 134 (52.5) 58 (46.8)

Postmenopausal 121 (47.5) 66 (53.2)

Neutrophils

(×109/L)

0.312

≤3.6 121 (47.5) 52 (41.9)

>3.6 134 (52.5) 72 (58.1)

Lymphocytes

(×109/L)

0.133

<1.8 123 (48.2) 70 (56.4)

≥1.8 132 (51.8) 54 (43.6)

Platelets (×109/L) 0.394

≤210 125 (49.0) 55 (44.4)

>210 130 (51.0) 69 (55.6)

Total protein (g/L) 0.639

≤74 123 (48.2) 63 (50.8)

>74 132 (51.8) 61 (49.2)

Albumin (g/L) 0.958

<45 120 (47.1) 58 (46.8)

≥45 135 (52.9) 66 (53.2)

AGR 0.302

≤1.3 68 (26.7) 27 (21.8)

>1.3 187 (73.3) 97 (78.2)

PLR 0.194

<145 189 (74.1) 84 (67.8)

≥145 66 (25.9) 40 (32.2)

NLR 0.097

≤3.1 229 (89.8) 104 (83.9)

>3.1 26 (10.2) 20 (16.1)

SII 0.121

≤500 163 (63.9) 69 (55.6)

>500 92 (36.1) 55 (44.4)

Surgery type 0.205

Mastectomy 204 (80.0) 106 (85.5)

BCS 51 (20.0) 18 (14.5)

(Continued)
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Table 1, including age, menstrual status, the latest blood

biochemical indicators prior to surgical operation, tumor

size, lymph node status, and other factors.

Follow-Up and Endpoints
Follow-up data were obtained via telephone interviews

and outpatient follow-up after operation. In this study,

local recurrence and distant metastasis are collectively

referred to as breast cancer recurrence. Disease-free

survival (DFS) time is defined as the time from the

surgery to recurrence (clinical, radiological or patholo-

gical evidence), death, or last follow-up. Overall survi-

val (OS) time is defined as the time form the operation

to death or last follow-up. The deadline for follow-up

was June 2019.

Statistical Analysis
Statistical analysis was performed using the SPSS ver-

sion 22.0 software package (IBM Corp., Armonk, NY,

USA). The chi-squared test was used to compare the

rates. Univariate comparisons of survival data were per-

formed using the Kaplan–Meier method and Cox univari-

ate analysis. Based on the results of the univariate

analysis (p<0.05) and combined with clinical important

factors, further multivariate analysis using the Cox risk

regression model with backward elimination was per-

formed. Following the multivariate analysis, variables

with a p-value <0.1 were selected for developing the

nomograms. The nomograms were constructed using the

R software (version R-3.5.3 https://www.r-project.org/).

P-values were two-sided, and p<0.05 denoted statistical

significance. The cutoff values of the variables were

determined based on clinical, relevant studies, and the

X-tile software (Yale University, New Haven,CT, USA

version 3.6.1).

Results
Patient Information
The median follow-up time for the 379 patients with

TNBC was 71 months (range: 3–133 months). The med-

ian age was 49 years (range: 25–84 years).

Approximately half of the patients were menopausal.

Among the pathological types, invasive ductal carcinoma

accounted for the majority (85.5%), while the rest were

invasive lobular carcinoma, medullary carcinoma, and

other types. A total of 138 patients had lymph node

metastasis, accounting for 36.4% of all patients.

Notably, 69 patients underwent breast-conserving sur-

gery. The rate of breast-conserving surgery was approxi-

mately 18.2%. Tumors with a size ≥2 cm accounted for

approximately half of the cases (49.3%). There were 84

patients who developed recurrence, and 63 patients

expired. The DFS and OS rates were 77.8% and 83.4%,

respectively. The R software was used to randomly divide

all 379 patients (67%, seed 60) into two groups: the

training group (255 patients) and the validation group

(124 patients). The clinicopathological features of the

two groups are presented in Table 1. In the training

group, 52 patients relapsed and 39 patients expired. In

the validation group, 32 patients relapsed and 24 patients

expired. There was no statistical difference between the

two groups in terms of clinicopathological characteristics

(Table 1).

Prognostic Factors of DFS and OS
The univariate analysis showed that age (p=0.024), albu-

min-to-globulin ratio (AGR; p=0.002), tumor size, and

lymph node metastasis were related to prognosis.

Although the neutrophil-to-lymphocyte ratio (NLR) did

not show statistical significance, numerous studies have

Table 1 (Continued).

Characteristic Training Group

(N=255) No. (%)

Validation

Group

(N=124) No. (%)

p-value

Histopathological

type

0.755

IDC 219 (85.9) 105 (84.7)

Others 36 (14.1) 19 (15.3)

Tumor size (cm) 0.180

≤2 122 (47.8) 70 (56.5)

2–5 126 (49.4) 49 (39.5)

>5 7 (2.8) 5 (4.0)

Positive lymph

nodes

0.648

0 160 (62.7) 81 (65.3)

1–3 62 (24.3) 25 (20.2)

≥4 33 (13.0) 18 (14.5)

Ki-67a (%) 0.635

≤30 76 (29.8) 40 (32.3)

>30 166 (65.1) 78 (62.9)

Notes: aKi-67 had missing data.

Abbreviations: AGR, albumin-to-globulin ratio; PLR, platelet-to-lymphocyte ratio;

NLR, neutrophil-to-lymphocyte ratio; SII, systemic immune inflammation index,

defined as (platelets×neutrophils)/lymphocytes; BCS, breast-conserving surgery;

IDC, invasive ductal carcinoma.
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confirmed its clinical importance; hence, we incorporated

this factor into the multivariate model. The final Cox

multivariate analysis showed that AGR (hazards ratio

[HR]=0.463, 95% confidence interval [CI]: 0.264–0.812,

p=0.007), NLR (HR=2.117, 95% CI: 1.026–4.367,

p=0.042), and lymph node status were independent prog-

nostic factors of DFS (Table 2). Similar to DFS, the uni-

variate analysis of OS showed that age (p=0.008), AGR

(p=0.001), tumor size, lymph node status, and NLR

(p=0.033) were associated with prognosis. Based on the

above variables, the multivariate analysis showed that

AGR (HR=0.471, 95% CI: 0.239–0.930, p=0.030), NLR

(HR=3.072, 95% CI: 1.389–6.796, p=0.006), and lymph

node metastasis were independent prognostic factors of

OS (Table 3). The survival curves of subgroups with

different AGR or NLR are shown in Figure 1.

Table 2 Univariate and Multivariate Analyses of DFS in the Training Group

Characteristic Univariate Analysis of DFS Multivariate Analysis of DFS

HR (95% CI) p-value HR (95% CI) p-value

Age (years)

≤60 1 1

>60 2.031 (1.099–3.755) 0.024 1.660 (0.868–3.174) 0.125

AGR

≤1.3 1 1

>1.3 0.414 (0.238–0.722) 0.002 0.463 (0.264–0.812) 0.007

NLRa

≤3.1 1 1

>3.1 1.870 (0.911–3.837) 0.088 2.117 (1.026–4.367) 0.042

Tumor size (cm)

≤2 1 1

2–5 1.422(0.797–2.537) 0.234 1.426 (0.791–2.570) 0.237

>5 6.937(2.592–18.567) 0.000 2.644 (0.877–7.975) 0.084

Positive lymph nodes

0 1 1

1–3 1.687(0.868–3.246) 0.124 1.763 (0.909–3.420) 0.093

≥4 3.647(1.885–7.055) 0.000 3.341 (1.709–6.532) 0.000

BMI (kg/m2) – 0.893

Menstrual status 1.561 (0.900–2.707) 0.113

Neutrophils (×109/L) 1.200 (0.694–2.075) 0.514

Lymphocytes (×109/L) 0.608 (0.349–1.057) 0.078

Platelets (×109/L) 1.150 (0.666–1.984) 0.617

Total protein (g/L) 1.174 (0.679–2.029) 0.567

Albumin (g/L) 0.604 (0.348–1.047) 0.072

PLR 1.709 (0.972–3.006) 0.063

SII 1.416 (0.819–2.448) 0.213

Surgery type 1.003(0.515–1.951) 0.993

Histopathological type 0.904(0.408–2.005) 0.804

Ki-67 (%) 0.889 (0.495–1.597) 0.694

Notes: aConsidering the clinical importance of NLR, it was also included in the multivariate analysis.

Abbreviations: DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; AGR, albumin-to-globulin ratio; NLR, neutrophil-to-lymphocyte ratio; BMI, body mass

index; PLR, platelet-to-lymphocyte; SII, systemic immune inflammation index, defined as (platelets×neutrophils)/lymphocytes.
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Development of Prediction Models
The R software was used to develop DFS and OS nomo-

grams for the prediction of patient prognosis. Several

variables had no significance in the multivariate analysis;

however, they were included in the nomogram according

to the exclusion criterion of 0.1. The nomogram of DFS is

shown in Figure 2. The total scores of each prognostic

index were added to obtain the corresponding prognosis.

For example, a 50-year-old patient with TNBC has an

AGR of 1.3, NLR of 2, a tumor with a maximum diameter

of 2.5 cm, and two positive lymph nodes. The correspond-

ing AGR and NLR scores for this patient were 68 and 0,

respectively. The score of tumor size was 29, and the score

of the lymph node condition was 48. Thus, the aggregate

score was 68+0+29+48=145. The corresponding 3-year

and 5-year DFS rates were approximately 75% and 64%,

Table 3 Univariate and Multivariate Analyses of OS in the Training Group

Characteristics Univariate Analysis of OS Multivariate Analysis of OS

HR (95% CI) p-value HR (95% CI) p-value

Age (years)

≤60 1 1

>60 2.500 (1.264–4.945) 0.008 2.044 (0.987–4.230) 0.054

AGR

≤1.3 1 1

>1.3 0.349 (0.184–0.662) 0.001 0.471 (0.239–0.930) 0.030

NLR

≤3.1 1 1

>3.1 2.352 (1.068–5.059) 0.033 3.072 (1.389–6.796) 0.006

Tumor size (cm)

≤2 1 1

2–5 1.658 (0.829–3.314) 0.153 1.670 (0.824–3.386) 0.155

>5 9.943 (3.529–28.016) 0.000 3.223 (1.008–10.305) 0.048

Positive lymph nodes

0 1 1

1–3 1.771 (0.803–3.904) 0.157 2.066 (0.928–4.602) 0.076

≥4 5.194 (2.496–10.810) 0.000 4.731 (2.227–10.048) 0.000

BMI (kg/m2) – 0.430

Menstrual status 1.651 (0.872–3.126) 0.123

Neutrophils (×109/L) 1.723 (0.895–3.316) 0.103

Lymphocytes (×109/L) 0.561 (0.294–1.069) 0.079

Platelets (×10^9/L) 1.296 (0.688–2.443) 0.422

Total protein (g/L) 1.081 (0.576–2.031) 0.808

Albumin (g/L) 0.571 (0.301–1.081) 0.085

PLR 1.872 (0.982–3.569) 0.057

SII 1.947 (1.039–3.649) 0.038

Surgery type 0.662 (0.277–1.581) 0.353

Histopathological type 0.872 (0.341–2.230) 0.775

Ki-67 (%) 1.004 (0.506–1.992) 0.991

Abbreviations: OS, overall survival; HR, hazard ratio; CI, confidence interval; AGR, albumin-to-globulin ratio; NLR, neutrophil-to-lymphocyte ratio; BMI, body mass index;

PLR, platelet-to-lymphocyte ratio; SII, systemic immune inflammation index defined as (platelets×neutrophils)/lymphocytes.
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respectively. The OS nomogram is shown in Figure 3. The

total score was generated to predict the corresponding

prognosis in the same manner as for DFS. For this patient,

the corresponding scores were 0 for age, 49 for AGR, 49

for NLR, 39 for tumor size, and 46 for lymph nodes; hence

the total score was 0+49+0+39+46=134. The predictive

rates of 3- and 5-year OS for were approximately 85%

and 76%, respectively.

Evaluation of the Prediction Models
In the training group, the C-index of DFS was 0.71 (95%

CI: 0.64–0.77), while that of OS was 0.77 (95% CI: 0.-

70–0.84). The calibration curves revealed great consisten-

cies, as shown in Figure 4. We used the survival data of

124 patients with TNBC in the validation group to further

verify whether the predictive models can differentiate the

prognosis of different patients with TNBC. In the valida-

tion group, the C-index of DFS was 0.69 (95% CI: 0.58–

0.79), while that of OS was 0.74 (95% CI: 0.62–0.86). The

calibration curves are shown in Figure 5. There were good

consistencies between the predicted values and the actual

observed situation.

We also compared our models with the traditional

AJCC TNM anatomical staging system (8th edition)

using the overall data. Figure 6A and B illustrate the

results of the time-dependent receiver operating character-

istic curve analysis. The findings indicated that, unlike the

TNM staging system, our model had good stability over

time. The difference in the area under the curve between

the prediction models and the TNM staging system can be

observed from Figure 6C and D. There were no significant

differences in the area under the curve in the short term.

However, with the extension of time, the advantages of our

prediction models became obvious. The 5-year receiver

operating characteristic curves are shown in Figure 7.

According to these, our models showed superiority in

predicting accuracy compared with the traditional TNM

staging system.

Figure 1 Kaplan–Meier survival curves in subgroups with different AGR or NLR of the training group. (A, B) Disease-free survival. (C, D) Overall survival.

Abbreviations: AGR, albumin-to-globulin ratio; NLR, neutrophil-to-lymphocyte ratio.
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Based on the nomograms, we further developed the

following two simple web pages which contain more

detailed prognostic information:

DFS: https://sh-skipper.shinyapps.io/TNBC1/; OS:

https://sh-skipper.shinyapps.io/TNBC2/.

Discussion
Strong invasiveness and poor prognosis are the charac-

teristics of TNBC which is more prone to distant metas-

tasis than other types, such as the lung and brain.3,8 In

our data, the lung was the most common site of metas-

tasis (29/84 patients) followed by bone metastasis (16/

84 patients). The recurrence of TNBC peaked within 3

years after treatment and decreased after 5 years.9,10

Therefore, we mainly combined clinical and laboratory-

related prognostic factors for the construction of

a 3-year and 5-year nomogram to better predict the

prognosis of patients with TNBC. Through univariate

and multivariate analyses, we found that age, lymph

node status, and tumor size were associated with prog-

nosis, similar to previous studies investigating risk fac-

tors related to TNBC in China.11,12

Tumor-related inflammation is an important component

of the tumor microenvironment and immune inflammation

plays an important role in the occurrence and development

of tumors.13 TNBC is closely related to tumor immune

inflammation. Inflammation and the immune status affect

the occurrence and development of TNBC.14

Inflammation-immune circulating cells (eg, neutrophils,

lymphocytes, platelets, etc) can influence the proliferation,

invasion, and metastasis of various solid tumors, including

breast cancer. The above cells can be detected through

routine blood testing as markers of inflammation.

Preoperative NLR, as a reliable indicator of systemic

inflammation, has been increasingly associated with the

prognosis of diverse solid tumors, including TNBC.15

A meta-analysis of 40,559 patients with solid tumors

showed that an NLR>4.00 significantly increased the

adverse prognosis of solid tumors, which further con-

firmed the aforementioned hypothesis.16 Therefore, in our

study, we used the NLR as a candidate for constructing the

model. Similar to previous studies, we chose 3.1 as the

cutoff value.17,18 For DFS, the univariate analysis of NLR

did not show statistical significance. However, considering

Figure 2 Nomogram for the prediction of DFS in triple-negative breast cancer.

Abbreviations: DFS, disease-free survival; AGR, albumin-to-globulin ratio; NLR, neutrophil-to-lymphocyte ratio.
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the clinical importance of NLR, it was also included in the

multivariate analysis. The final multivariate analysis

showed that NLR was an independent predictor of DFS

in patients with TNBC. Regarding OS, both univariate and

multivariate analyses showed statistical significance.

Consistent with previous studies, our study suggests that

NLR is an independent prognostic factor for TNBC. The

systemic immune inflammation index (SII) is based on

peripheral neutrophils, lymphocytes, and platelet counts.

It is defined as (platelets×neutrophils)/lymphocytes, and is

a potential indicator of host inflammation and immune

status. Research studies were conducted on various can-

cers (eg, liver cancer, colorectal cancer, pancreatic cancer,

etc), all showing a good predictive effect.19–22 Although

there were few studies on TNBC, Wang et al showed its

prognostic significance.23 However, in our data, there was

no statistical significance for DFS. The univariate analysis

of OS showed that SII had a tendency to be a prognostic

indicator; however, the bivariate correlation analysis

showed that it was correlated with NLR, and its calcula-

tion was not as simple as that for NLR. Hence, it was not

included in the final model. The platelet-to-lymphocyte

ratio can comprehensively reflect the dynamic changes

between platelets and lymphocytes in the peripheral

blood circulation. Studies have confirmed that the pre-

treatment platelet-to-lymphocyte ratio is related to the

prognosis of a variety of malignant tumors, including

hepatocellular carcinoma, colorectal cancer, breast cancer,

etc.24–26 Unfortunately, no prognostic value was found in

our study.

Albumin and globulin are two major components of

serum protein, which play important roles in the inflam-

matory process. AGR is a common index in blood

biochemical examination. Owing to its simplicity, cost-

effectiveness, and practicability, AGR can be used as

a disease-monitoring and prognostic indicator for

a variety of cancers, including breast cancer.27–29 In our

study, using the X-tile software with an optimal cutoff

value of 1.3, we showed that the pre-treatment AGR was

an independent predictor of prognosis in patients with

TNBC. The prognosis of patients with a high AGR is

better, whereas that of patients with a low AGR is poor.

This suggests that, during the treatment of patients

with TNBC, active nutritional support, correction of

Figure 3 Nomogram for the prediction of OS in triple-negative breast cancer.

Abbreviations: OS, overall survival; AGR, albumin-to-globulin ratio; NLR, neutrophil-to-lymphocyte ratio.
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hypoproteinemia, and other measures are necessary to

improve the status of the AGR and potentially the prog-

nosis to some extent.

In addition to the factors included in our study, there

are numerous predictors for the prognosis of TNBC.

Herein, we discussed the potential factors which may

enhance the performance of nomograms. Serum tumor

markers are relatively convenient and cheap, and their

importance cannot be ignored. Previous studies showed

that the levels of carcinoembryonic antigen (CEA) and

cancer antigen 15–3 (CA15-3) are independent prognos-

tic factors for breast cancer. Dai et al30 collected and

analyzed the CA15-3, CEA, and other factors of 247

patients with TNBC prior to treatment. Their results

showed that high CA15-3 and CEA levels were asso-

ciated with poor prognosis of TNBC. Firstly, we

included these factors in our analysis. Unfortunately,

we found that the levels of CEA and CA15-3 were not

determined in many of our earlier patients. Adams et al31

collected 481 cases of patients with TNBC in two pro-

spective randomized controlled clinical trials (ECoG

2197 and ECoG 1199). They determined the density of

intraepithelial tumor infiltrating lymphocytes (TILs) and

stromal TILs in tumor samples. The results showed that

TIL was an independent prognostic marker and

a powerful prognostic factor for TNBC. Dieci et al32

also confirmed the prognostic role of TIL in 816

patients with TNBC (781 of whom were evaluable).

Figure 4 Calibration curves for predicting the OS and DFS for patients with triple-negative breast cancer in the training group at (A, C) 3 years and (B, D) 5 years.

Nomogram-predicted probability is plotted on the x-axis and the actual survival is plotted on the y-axis.

Abbreviations: DFS, disease-free survival; OS, overall survival.
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Unfortunately, due to limited conditions, we did not test

our tumor samples for TILs. We hope that this factor

can be added to the prediction model in the future,

which will certainly improve the accuracy of the

model to a certain extent. Regarding the prediction

factors based on the gene level, their wide clinical

application in a short period of time was limited by

the high testing cost and high requirements. Therefore,

at present, we did not include these factors in the model.

Unlike previous nomograms of TNBC, we added com-

mon indicators of blood and biochemical examinations,

owing to their frequent use in clinical practice. They are

reliable, economical, and practical, greatly improving the

operability of our prediction models. Moreover, our

prediction model showed a high ability to predict the

prognosis. We also developed two simple web pages

based on our models.

This study had some limitations. Firstly, the nomogram

was based on retrospective data obtained from a single

medical institution. Secondly, we initiated with universality;

thus, we did not study several predictive factors, such as

tumor lymphocyte infiltration, BRCA1/2 mutation, other

advanced technologies, and factors associated with high

cost. Moreover, we did not study the specific classification

of TNBC subtypes and their corresponding prognoses. In

addition, adjuvant chemotherapy and radiotherapy were not

included in this study. Further multi-center, prospective data

collection, study on the classification of TNBC subtypes,

Figure 5 Calibration curves for predicting the OS and DFS for patients with triple-negative breast cancer in the validation group at (A, C) 3 years and (B, D) 5 years.

Nomogram-predicted probability is plotted on the x-axis and the actual survival is plotted on the y-axis.

Abbreviations: DFS, disease-free survival; OS, overall survival.
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Figure 6 Time-dependent AUC of OS and DFS (A, B). Difference of AUC between the prediction models and the TNM staging system (C, D).

Abbreviations: AUC, area under curve; OS, overall survival; DFS, disease-free survival; TNM, Tumor-Node-Metastasis.

Figure 7 Five-year ROC curves.

Abbreviations: ROC, receiver operating characteristic; AUC, area under curve; DFS, disease-free survival; OS, overall survival; TNM, Tumor-Node-Metastasis.
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and integration of other factors may also contribute to the

improvement of these models.

Conclusion
We have developed and validated universally applicable

nomograms for predicting DFS and OS in patients with

TNBC. These nomograms can provide relatively accurate

prediction for the prognosis of patients with TNBC and iden-

tify those at different prognostic risks, thereby improving our

alertness to strengthen the treatment or follow-up accordingly.
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